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ABSTRACT
INTRODUCTION: The construction of the main incision is crucial for the outcome of cataract surgery. 
There are many considerations including: wound preparation and stability, surgically induced astigmatism, 
stability of anterior chamber, and wound closure stability with rising intraocular pressure (IOP). Irrespec-
tive of modality, the main goal is to achieve stable watertight self-sealing wound in order to avoid possible 
intra- and postoperative complications. Therefore, evaluating the architecture and healing of the surgical 
wound would be of benefit, as the integrity of incisions may decrease the risk of endophthalmitis or other 
problems. Anterior segment OCT (AS-OCT) provides the opportunity to visualize anterior chamber struc-
tures and cornea in particular. In the interest of the current study this was used to examine the anatomy of 
the main incision in vivo and evaluate its changes over time. 
AIM: The aim of this article is to examine the architecture of the main incision in vivo and evaluate its 
changes over time, using anterior segment optical coherence tomography (AS-OCT).
MATERIALS AND METHODS: Patients diagnosed with senile cataract, scheduled for surgery, were en-
rolled in this prospective study. All underwent uneventful cataract surgery with phacoemulsification and 
intraocular lens (IOL) implantation, performed by the same experienced surgeon. A standardized technique 
of cataract extraction, under local anesthesia, was used. Patients with previous ocular surgery or trauma, 
and other ocular pathology, as well as cases with complications were not included in the study. Wound anat-
omy was visualized using AS-OCT (Topcon 3D SD OCT 2000) at three postoperative visits: day 1, day 7, and 
day 30. The following features were examined and analyzed: external gaping, endothelial (internal) align-
ment and gaping, localized DMD, loss of coaptation, wound retraction, and other changes on the external 
or the internal side of the wound.
RESULTS: Sixty eyes of 51 patients were examined, of whom 23 were men and 28 women, aged between 53 
and 87 years (mean 72 years). The scleral tunnel incisions had a three-plane architecture and all of them 
were watertight with no leakage at any time. Several architectural features were assessed, including epithe-
lial gaping, endothelial gaping and misalignment, local Descemet’s membrane detachment (DMD).
CONCLUSION: AS-OCT is a risk-free, quick, high-informative method for visualization of the morpho-
logical characteristics of cataract surgical incisions and their evolution over time. Hence, this technolo-
gy is indispensable in evaluating the integrity of the 
wound, and the information obtained could be used 
to develop a consistent technique to create self-seal-
ing incisions and decrease the risk of endophthal-
mitis.
Keywords: AS-OCT, cataract surgery, phacoemul-
sification, incision, cornea
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instruments for the three distinctive steps. Patients 
with previous ocular surgery or trauma, and other 
ocular pathology, as well as cases with complications 
were not included in the study. 
Cataract surgery
After a fornix-based conjunctival peritomy, 
the main 3-plane incision was performed superior-
ly. The incision was centered on the steepest merid-
ian (usually the vertical) and was done in three dis-
tinctive steps: (1) vertical semi-scleral incision 2 mm 
behind the limbus with a 15-degree blade; (2) scleral 
tunnel to the clear cornea with a crescent knife (ap-
proximately 3.5 mm long); (3) anterior chamber (AC) 
entering with a 2.2 keratome. Then a sideport inci-
sion was created at 2 o’clock position (along the 600 
meridian) with a 15-degree blade. Viscoelastic was 
injected through the SCI to maintain AC and a cur-
vilinear capsulorrhexis, followed by hydrodissec-
tion, were performed. Phacoemulsification was per-
formed. Then, using a disposable injector, a foldable 
IOL was implanted into the capsular bag. The resid-
ual viscoelastic was removed by irrigation and/or as-
piration and BSS was injected to restore the normal 
rigid state of the globe. The incisions were hydrated 
and tested for leakage.  At the end of the surgery in-
tracameral Cefuroxime was injected, subconjuncti-
val antibiotic/steroid injection was given and a sterile 
eye patch was placed over the eye. Postoperative af-
tercare instructions were provided according to the 
normal protocol of the hospital. The therapeutic reg-
imen included topical antibiotic and steroid (Tobra-
mycin 3 mg/mL-Dexamethasone 1 mg/mL, Tobra-
dex, Alcon; Levofloxacin 5 mg/mL, Oftaquix coll., 
Santen) 5-7 times during the first 24 hours and then 
5 times a day for one month.
Wound anatomy was visualized using AS-OCT 
(Topcon 3D SD OCT 2000) at three postoperative 
visits: day 1, day 7, and day 30. The following features 
were examined and analyzed: external gaping, en-
dothelial (internal) alignment and gaping, localized 
DMD, loss of coaptation, wound retraction and oth-
er changes on the external or the internal side of the 
wound.
RESULTS
Sixty eyes of 51 patients were examined, of 
whom 23 were men and 28 women, aged between 53 
and 87 years (mean 72 years). 
INTRODUCTION
The construction of the main incision is cru-
cial for the outcome of cataract surgery. There are 
different techniques, with different advantages and 
disadvantages.  There are many considerations in-
cluding: wound preparation and stability, surgical-
ly induced astigmatism, stability of anterior cham-
ber, and wound closure stability with rising intra-
ocular pressure (IOP). Irrespective of modality, the 
main goal is to achieve stable watertight self-seal-
ing wound in order to avoid possible intra- and post-
operative complications (1,2). Therefore, evaluating 
the architecture and healing of the surgical wound 
would be of benefit, as the integrity of incisions may 
decrease the risk of endophthalmitis or other prob-
lems. There are several options for assessment of the 
surgical incision: slit-lamp microscopy, confocal mi-
croscopy (3), ultrasound biomicroscopy (UBM) (4,5), 
and optical coherence tomography (OCT) (6,7). Fou-
rier-domain OCT (FD-OCT) is a non-contact, non-
invasive high-resolution technology enabling cross-
sectional imaging of ocular tissues. Anterior segment 
OCT (AS-OCT) provides the opportunity to visual-
ize anterior chamber structures and cornea in par-
ticular (8–11)high resolution cross-sectional images 
of ocular tissues. Development of anterior segment 
OCT (AS-OCT. In the interest of the current study 
this was used to examine the anatomy of the main 
incision in vivo and evaluate its changes over time. 
Several architectural features were assessed, includ-
ing epithelial gaping, endothelial gaping and mis-
alignment, local Descemet’s membrane detachment 
(DMD). 
MATERIALS AND METHODS
The present study was conducted at the Depart-
ment of Ophthalmology and Visual Sciences at Med-
ical University of Varna and the Specialized Eye Hos-
pital in Varna.
Patients diagnosed with senile cataract, sched-
uled for surgery, were enrolled in this prospec-
tive study. All underwent uneventful cataract sur-
gery with phacoemulsification and intraocular lens 
(IOL) implantation, performed by the same expe-
rienced surgeon. A standardized technique of cat-
aract extraction, under local anesthesia, was used. 
All incisions were performed as sclerocorneal tunnel 
(sclerocorneal incision, SCI), utilizing three different 
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The incisions had a three-plane architecture 
and all of them were watertight with no leakage at 
any time.
Changes on the Epithelial Side of the Wound
Epithelial gaping was evident in 35 eyes and 
21 eyes on the first and second postoperative vis-
it, respectively, while on the last one such was not 
detected.
One or more epithelial bullae were evident in 
3% of the cases on day 1, and all of them were in con-
junction with stromal edema and localized DMD. 
They resolved by the 7th day after surgery.
B
Changes on the Endothelial Side of the Wound
Endothelial gaping was observed in 34%, 26% 
and 8% of the cases on the first, seventh and thirtieth 
day after surgery, respectively; and the results for the 
endothelial misalignment were 24.5%, 18% and 9.8%. 
Fig. 1. Anterior segment optical coherence tomography 
(AS-OCT) images of cataract main incisions (3-planar), 
1st postoperative day.
Fig. 2. AS-OCT image demonstrating epithelial gaping
Fig. 3. AS-OCT images demonstrating epithelial ede-
ma and localized DMD (A, B), epithelial bullae, localized 
DMD, and endothelial gaping (C).
Fig. 4. AS-OCT images demonstrating endothelial gaping 
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Localized DMD was detected in 46% of the eyes 
on the first postoperative day, it decreased to 29.5% 
by the end of the first week, and on the last visit there 
was only one eye (1.7%) with localized DMD. 
Posterior wound retraction was found in 8 eyes 
(13.3%) but not before the third postoperative visit. 
DISCUSSION
Several studies have demonstrated that inci-
sion integrity is mainly affected by two factors: me-
chanical injury and thermal injury. While the for-
mer is caused by surgical instruments, introduced 
into the wound, the latter is due to ultrasonic energy 
(12–15). It has been found that the healing of the in-
cision starts from the external part of the wound (16). 
As a result of the endothelial pump function, suction 
is generated within the wound, which opposes the 
wound margin (17). Epithelial gaping counteracts the 
suction and barrier mechanisms, and creates a risk of 
endophthalmitis (16). The incisions in our study were 
sclerocorneal, which is the reason our results could 
not be compared with those of the reviewed reports, 
for the reason they were evaluating clear corneal in-
cisions (CCIs) (7,17–24). 
Corneal endothelium plays a crucial role in 
maintaining corneal structure and transparency and 
could be damaged by several factors during phaco-
emulsification (25–27). Bullous keratopathy after 
cataract surgery is commonly due to endothelial dys-
function (28). In the current study epithelial bullae 
were evident on the external side of the wound but 
they could not be caused by wound leakage, as they 
were not covering its opening, but rather by localized 
endothelial dysfunction and stromal edema (18).
Endothelial gaping incidence varies wide-
ly throughout studies and our results were general-
ly lower and consistent with some of them (7,22,24). 
Some authors indicated endothelial gape could be ex-
plained with surgical instrument sizing or excessive 
ultrasound (US) power, corneal stromal edema and 
endothelial damage (18,29). It has been suggested 
that internal gaping is dependent on IOP and most-
ly occurs in eyes with normal or low IOP (30,31). All 
enrolled patients had normal IOP at every visit, al-
though IOP readings are not included in this study. 
Fine et al. (32) and Calladine and Tanner (33) 
noted that stromal hydration results in lower inci-
dence of endothelial gape, which explained the dif-
ference of our results (as stromal hydration was per-
formed routinely in all our cases). In comparison, 
Xia et al. (18), performed and had much higher inci-
dence of gapping on the first postoperative day. An-
other study presenting higher incidence of internal 
gaping provided no data concerning stromal hydra-
tion (23). The evolution of surgical wound healing of 
our study confirmed other researchers’ observations 
that endothelial gaping and misalignment improved 
over time by itself (7,19,29,34).
Fig. 5. AS-OCT images of endothelial misalignment.
Fig. 6. AS-OCT images demonstrating localized DMD.
Fig. 7. AS-OCT images demonstrating wound retraction 
(A), or wound retraction in association with localized 
DMD (B,C)
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Localized DMD was found to be common after 
phacoemulsification, which  was similar with other 
investigations (18,20,33,35). Such a feature could be 
in correlation with stromal hydration, routinely per-
formed by our experienced surgeon, and the sub-
sequent mechanical forces exerted on the DM (33). 
Localized DMD might be caused by unintention-
al stripping during initial construction of the main 
incision or insertion of instruments during the pro-
cedure (35). Our study proved that localized DMD 
is not visible on slit-lamp in any of the cases (18,36), 
thus confirming the advantages of AS-OCT in cor-
neal imaging once again. Calladine et al. reported 
also that it could lead to extensive spontaneous peel-
ing of DM (35), which fortunately, we did not en-
counter at any degree in any of our cases during the 
entire follow-up period.
Endothelial misalignment in the early post-
operative period is more likely to occur with stro-
mal hydration. However, the latter is applied to im-
prove wound sealing  and to prevent inflow of oc-
ular surface fluid, thus countering the risk of endo-
phthalmitis (33). This shows that stromal hydration, 
along with incisional size, is a crucial factor affect-
ing the configuration and healing of clear corneal in-
cisions. Our findings demonstrate contrasting inci-
dence rates of internal misalignment as opposed to 
other studies (7,22,23) and the difference might be a 
result of the difference in the incision type.
Two studies have reported the presence of pos-
terior wound retraction. In one (20) the incidence was 
33.3% at 2 to 3 weeks postoperatively with increas-
ing percentages later on up to 3 years after cataract 
surgery, while the other (24) documented much low-
er rate of posterior wound retraction but both stated 
that it occurred no earlier than the second week after 
surgery. Our results differ from both reports proba-
bly due to the different, safer surgical technique.
Loss of coaptation is known to occur in the 
event of leaking wounds (33). It is reported it might 
influence wound structural integrity and increase 
the risk of endophthalmitis (19). We did not note any 
cases with loss of coaptation, which could be explained 
by the suggestion that it would be less likely to appear 
with a longer incision, because a lower proportion 
of the total length is misaligned (35). Moreover, the 
discrepancy between our results and other reports 
could be due to the fact our patients were examined 
24 hours after surgery, while others’ were evaluated 
in the immediate (30-minute) postoperative period 
(19) and 2 hours after surgery (24).
CONCLUSION
In conclusion, AS-OCT is a risk-free, quick, 
high-informative method for visualization of the 
morphological characteristics of cataract surgical in-
cisions, and their evolution over time. Hence, this 
technology is indispensable in evaluating the integri-
ty of the wound, and the information obtained could 
be used to develop a consistent technique to create 
self-sealing incisions and decrease the risk of endo-
phthalmitis and other complications. 
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